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ABSTRACT · 
This paper presents a mathematical model by which 
successful ellipsoidal back surface hard contact lenses 
can be predicted. By treating the corneal surface as being 
ellipsoidal in nature, the amount of lens standoff along 
the anterior-posterior axis was calculated in both the 
vertical and horizontal meridians, and for an average of 
the two meridians. The vertical standoff data showed a 
groupirtg of the successful lenses that was statistically 
significant at the .005 level of confidence. Neither the 
horizontal nor the average standoff data showed groupings 
that were statistically significant. 
iii 
A riATHEMATICAL APPBOACH TO CLINICAL 
USAGE OF ELLIPSOIDAL CON'rACT LENSES 
BACKGROUND AND IN·TRODUC'11ION 
In addition to the classical two- zone description of 
the corneal contour, the cornea has been described as ellip­
tical, parabolic and hyperbolic.1 Because of the aspheric 
nature of the corneal contour, it has been claimed that a 
lens with an aspheric posterior surface would offer several 
advantages over the conventional spherical lens. Among 
the advantages reported are: better oxygen transport, 
more uniform bearing areas, better centering, less spectacle 
blur, less flare, and increased visual acuity.2,3,4,5,6 
Several clinicians have r eported their impressions 
Of ellipsoidal corneal lenses, .but a thorough search of the 
literature failed to produce a study that reported any 
attempt at designing an ellipsoidal lens to meet the fitting 
requirements of each individual cornea. The purpose of 
this study is to determine if such a lens design is possible 
from conventional data. 
An ellipsoid is a three-dimensional solid created by 
rotating an ellipse about its major or minor axis � In cross 
section an ellipsoid reduces to an ellipse and mathematical 
operations can be simplified by considering the elliptical 
section. An ellipse can be described completely by its 
eccentricity qr "e" factor and by an apical radius. The 
1 
2 
eccentricity specifies the shape of the ellipse and the 
apical radius specifies the size. (see Figure 1) 
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Figure 1. In the diagram to the left all three conic 
sections have the same apical radius but have differing 
eccentricities. The diagram to the right shows two 
ellipses with the same eccentricity but with differing 
apical radii. 
· 
In this study each corneal contour was evaluated by 
the Wesley-J·essen Photo Electric Keratoscope ( PEK). By 
systematically varying the eccentricity and the posterior 
apical radius of the lens, a mathematically pr edictable 
best fit l'elationship was established which could be 
adapted· to each indi v id.ual corneal cont our. 
MErl'HODS AND PROCEDUiiES 
The subjects for the study were selected following a 
complete Pacific University Contact Lens analysis, including 
case history, slit lamp evaluation of the cornea and con-
ju.nctiva, and c entral and peripheral keratorneter readings. 
,. 
-3 
Subjects who �ere habitual contact lens wearers were 
required to remove their lenses at lea s t three weeks prior 
to the beginning of the study in order to minimize corneal 
distortion. No l imitations on corneal curvature or astig-
matism were employed. 
The Con,...o-coid lens produced by Mil ton-Roy Co • .  was 
chosen over Conforrna Laboratories' Ellip-see-con because 
it was offered in "e" values of .55, .65, and .75 while 
the Ellip-sse-con was available in only the .65 eccentricity. 
A complimentary pair of ellipsoidal lenses soon to be 
marketed by the Wesley-Jessen C ompany was also received 
for each subject. Systematic analysis of the Wesley-
Jessen lenses was not included in this study. ( see Appendix E) 
Since the contact �enses available did not have eccen-
, tricities which could always be matched to the corneal 
eccentricities in either of the major meridians, and in 
no cases to both meridians at the same time, two computer 
programs were written· with which the conformation of the , 
lens to the cornea could be predicted. Both programs are 
based on basic conic section algebra. 
The general equation for an ellipse is: 
+ = 1 
Equati on 1 
where a is half of the length of the major axis and b is 
half of the minor axis. An ellipse has two foci, c and -c 
where c = Ja2 - b2 , and an eccentricity which is defined 
4 
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Figure 2 
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as e = -a The instantaneous radius of curvature of the 
ellipse at the point where it crosses the major axis can 
be derived from the formula r = a(1-e2). By using these 
relationships the formula (as illustrated in Equation 1) 
can be derived for any ellipse if only the eccentricity 
and apical radius are known. The necessary values are 
a and b, which can be calculated from: 
a =  __ r_.,... 
1 - e2 
and 
b = a Ji - e2 
If only the apical radius and eccentricity of two different 
ellipses are known, their basic equations can be derived 
and the two curves can be compared. 
The Wesley-Jessen Photo Electric Keratoscope printout 
lists the central corneal radius and corneal eccentricity 
in both major meridians. Although the corneal curvature is 
most certainly not a perfect ellipse, treating the cornea 
as an elliptical surface has mathematical value and can 
be used to predict the physical relationship between the 
5 
cornea and the contact lens. 
The first program written (see Appendix A) calculates 
the degree of space along the anterior-posterior axis 
between the lens and the cornea at any distance away from 
the center of the lens and cornea. Whenever the calculated 
result is positive, this indicates that the lens is "flatter" 
than the cornea in the specified meridian and that the 
lens would be expected to stand away from the cornea by 
the indicated amount. When the calculated value is nega­
tive, the lens is 1 steeper11 than the cornea and apical vault­
ing would be expected. Once the corneal parameters have 
been entered into the computer several lenses can be 11tried 
on" ma.thematically and the results in both of the principal· 
meridians can be compared. 
For this study, a distance of J.8 mm. from the center 
of the cornea and lens was used in the computer calculation 
of edge standoff. This figure was selected because the 
edge of the optic zone, which is the limit of the bearing 
area, is about J.8 mm. away from the lens center in the 
8.7 mm. lenses that were used. Had the lenses.been either 
larger or smaller, some other value would have been used. 
The second program (see Appendix B} utilized a graphical 
plotter connected to the computer in order to create 
expanded scale drawings of a section of an ellipse. These 
graphs cou.ld represent either a cornea or a lens, and more 
than one could be produced on the same paper. (see Figure J) 
The initial series of lenses were designed to parallel 
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Figure 3. Sample of 'Plotter Program' product 
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as nearly as possible the ellipsoidal corneal surface in 
its flattest meridian. Center thickness and size were 
arbitrarily specified at .15 mm. and 8 .7 mm . These values 
are representative of those reported in the literature. 
The standard peripheral bevel of the manufacturer was used 
to provide the tear reservoir. 
' 
The second series of lenses was based on the results 
of the computer computations as described previously . The 
criterion selected for' the second series was an edge stand-
off in the two principle meridians that was opposite in sign 
and equal in.magnitude. For exampleJ with subject P.B. 
a lens was ordered that gave .014 mm. standoff in the 90th 
meridian and -.016 mm. standoff in the 180th meridian. 
This lens should have been 1 steep11 in one meridian producing 
apical vaulting and 1 flat11 in the other producing edge 
standoff . A perfect balance between the two meridians , 
was not always possible since the computations were made 
only with posterior apical radii that were multiples of 
.05 mm. 
After the second series, additional lenses were designed 
as indicated by an evaluation of the fit. The items con­
sidered in the lens evaluation were: a) subjective symptoms 
of the wearer, b) over-refraction, c) lens centration, 
d) lens movement, e) central corneal curvature, f) wearing 
time, g) corneal edema, h) corneal dye retention, i) limbal 
vasculature, and j) fluorescein pattern. The criteria 
for a successful patient response to a lens were those of 
•' 
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Sarver and Harris.? (see Appendix D) 
DATA 
1Complete corneal contour data for the nine subjects is 
contained in Appendix C .  Flattest central corneal curva-
ture ranged from 41.87 D to 44 .• 12 D .  Cornea l cylinder 
ranged from no cylinder to 2.37 D of cylinder. Eight corneas 
showed less than 1.0 diopters of cylinder, seven showed. 
from 1.0 to 1.87 diopters , and three showed 2.0 diopters 
or morea 
The most interesting and significant statistic is 
the corneal eccentricity or ne" value. Goldberg states that 
the average "e" value for the population appears to be .5 
or .6.6 However the mean value for the subjects in this 
study was .41. Only 13 of the 36 meridians had an "e11 
value of .50 or greater. It appears that this sampling 
of corneas is skewed toward low eccentricities, that is 
they tend to be more spherical. On 13 of the 18 corneas, 
the eccentricity of the initial lens was . 5 5 1 the lowest 
eccentricity available . Consequently, for these corneas, 
subsequen� lenses could be made steeper only by reducing 
the posterior apical radius. 
A total of 46 lenses were evaluated in the study, the 
minimum for any one cornea being two lenses. Appendix c 
lists the posterior apical radius and ec centr ic ity of each 
lens, the mathematically computed standoff in the principle 
meridians, and a short clinical description. Of the 4·6 
lenses, 15 were judged satisfactory by the criteria already 
8 
stated . Graph No. 1 is the scattergram of three set s of 
lens standoff data as calculat ed by the computer. Graph la 
show.s the standoff in the vertical meridian, graph 1 b illus­
trates the hor izontal meridian, and le io the standoff 
computed by using the average corneal apical radius and 
eccentricity. 
RESULrrs 
The horizontal dotted line on Graph 1 is drawn at 
.022 mm. of edge standoff. There are a total of 24 data 
points above this line, all representing lenses too flat 
to be successful. This indicates that a lens with an edge 
standoff greater than .022 mm. in one or more of the columns 
on Graph 1 will be unsuccessful. 
By comparing the range of standoff values that includes 
the successful lenses in each of the three columns of Graph 
1, (marked by the h orizontal bars ) an idea can be obt�ined 
as to which standoff is most reliable in predicting a 
successful lens. All successful lenses are included in a 
range of .029 mm. (+�022 to -. 006 ) for the vertical data, 
.048 mm. {+.008 to -.039) for the horizontal data, and .024 
(+.008 to -.015) for the average data. In the ranges 
described above, 54% (15 of 28 ) of the lenses were successful 
in the vertical column, 42% {15 of 36) were successful in 
the horizontal column, and 54% (15 of 28) ·were .successful 
in the average column. Applying the chi-square test to 
the percentage of successful lenses in �ach of the three 
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groupings fails to produce statistical significance at the 
.005 level of confidence. 
, A more condensed grouping of the successful lenses can 
be identified by simple inspection of the vertical and 
average data columns, (marked by arrows ) whereas none is 
evident for the horiz ontal dat�. Eighty-one percent 
(13 of 16) of the lenses from .007 mm. to .022 mm. of 
vertical s tandoff are successful while 67% (10 of 15) 
of the lenses with -.001 mm. to -. 015 mm. of average stand­
off are successful. The chi-square test indicates that 
this condensed grouping is statistically.signif'icant at 
the .005 confidence level in the vertical data column, 
but not in the average data column. 
CONCLUSIONS 
It has been demonstrated that 81% of the lenses with 
a vertical edge standoff between .007 mm. and .022 mm. are 
successful. This range has statistical significance and 
therefore has high predictive value. For clinical use 
rounding these limits to .005 and . 020 would produce a 
reasonable and easily remembered range in which the prob­
ability for successful lens wear would be about 80%. 
The following method for deriving the ellipsoidal lens 
of first approximation is proposed : 
1) Find the apical radius and eccentricity of the 
principal meridian nearest vertical on the cornea. 
2) Select as the eccentricity of the lens the 
10 
available "e11 value that is nearest to that found 
in no., 1. 
J) Calculate the posterior apical radius of the lens 
that is necessary to produce an edge standoff in the 
vertical meridian of between .005 and .020. 
4) Specify a lens with minimum stable thickness and 
a diameter of 8.7 mm. or less. 
1) 
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APPENDIX A 
Edge Standoff Program 
1¢ PRINT "CORNEAL l�PICAL RADIUS ="; 
20 INPUT Rl 
30 PR INT "COB.NEAL ECCENTRICITY ="; 
40 INFUT El 
50' PRii\JT " LENS CENTR1\L RADIUS.="; 
60 INPUT R2 
70 PRINT "LENS ECCENTRICI'rY ="; 
80 INPUI' E2 
9vf PRINT "DIS'rANCE FROM APEX ="; 
9 5 INPUT Y 
100 LET Al=Hl/(1-El*El} 
110 LET Bl=SQR(Al*Al�(l-El*El)) 
120 LE'T Xl=SQR (Al* Al ·:r ( 1-( Y*Y/Bl *Bl))) 
150 LET A2=R2/(1-E2i<E2) 
160 LET B2=SQR(A2*A2*(1-E2*E2)) 
170' LET X2=SQR(A2*A2*(1-(Y*Y/B2*B2))) 
200 LET K=A2-.A1 
210 LET D=(X2-Xl)-K 
250 PRIN'r 
300 PRIN'r "STANDOFF rs"; D; "Mh" 
310 FRINT 
J 1.5 PRil':J'r 
320 GOTO 50 
I 
1 
L.. 
L 
I '--
APPENDIX B 
Plotter Program 
1 ec0 PRINT ··cENTRJ'.l.L P.C\Dl us ="; 
1020 IN?UT R 
1 0 3 0 PP Hj T "EC CENT? I C I TY = "; 
l 0LHZ: INPUT E 
1130 LET A=P/Cl-St2). 
1110 LET B=A*SQ�Cl-Ef2) 
11 50 PP INT "PLTL., 
1160 PRINT ''0000 0000" 
1162 FOR K=l TO 5 STEP 
l I 64 
I 1 66 
1 1 68 
I 1 70 
1 1 72 
1174 
11 76 
1178 
1 18 0 
1182 
1 184 
LET Kl=E*<9999/6) 
PPD:T n,;T<Kl ); "·3000" 
?RINT INTO'.l)J"0100" 
?HINT INTCKl);"0000" 
!='RINT "9999 C000" 
FOR L=l TO 4 STEP 
LET Ll=CL*C9999/4))-200 
PRINT "9999";IMTCL1) 
PRINT "9980"; INT<Ll) 
?PINT "9'999"; INTCLl) 
l 18 6 .NEXT L 
I· 1 8 7 PP I NT "9 9 9 9 99 9 9" 
1188 FOP. M= 1 TO 5 STEP 
!!90 LET M.l=C6-Ml*C9999/6) 
1192 PRINT INTO'll ); "9999" 
1194 PR.INT INT< Ml); "9900" 
1196 PRINT INTCMl)J"9999" 
1198 NEXT M 
1200 PRINT "0000 9999" 
1202 FOR N'� l TO 4 STEP 
1204 LET Nl=C5-N)*C9999/4)-200 
120 6 
1208 
1210 
1212 
1214 
1300 
1 31 0 
1320 
1330 
1348 
P?INT "00ec"; INTOl ) 
? R lr\l T '' 0 I 0 0 '·' ; I N T C N 1 ) 
PPINT "0000"; INTOJI) 
NEXT N 
PRINT "8080 Ot?J?:Cl" 
FOR Y=O. TO 6 STEP • I 
LET X=A•SCPC1-C�t2/BT2)) 
LET Xl=X-.P.+4 
LET V=CCX1/4)*9999l-200 
1400 PRINT lNTC�)J!NTCVJ 
1410 NEXT Y 
1LJ50 PP.INT II 
1460 GOTO 1000 
PLTT" 
L 
APPENDIX C 
Case Summaries 
Key to symbols used: 
rh = corneal radius in the priricipal meridian nearest horizontal 
rv = corneal radius in the principal meridian nearest·verttcal 
eh = corneal. eccentricity in the meridian of rh 
ev = corneal eccentricity in the meridian of rv R.E. = refractive error before contact lens wear 
e = eccentricity of lens 
PAR nosterior aulcal radius of lens 
sth = .co�nuted distance between the cornea and lens at the 
edge of the optic zone in the princ1nal merid1an 
neares t horizontal 
stv = same as sth but in the prirtcipal �erid18n 
neare�t vertical 
Pwr = diontric newer of the lens 
VA = TJJaximurn visual acu.ity attained thr01.lgh the lens 
only the denominator of the Snellen fraction for twenty 
feet is listed 
Pos. = typicril nosition cif the lens on the cornea 
T = temporal 
C = centered horizontally 
i� = nasa.J.. 
1 = on unner li�hus 
2 = between upper l i mbus and corneal center 
3 = centered vertically 
4 = between lower limbus and corneal center 
5 on lower limbus 
fluor. patt. = fluorescein pattern 
p- = "fl�t" fit with edge stand6ff 
p = "parA.llel" f 1 t 
p+ = "steep'' fit with central pool i!'1iz 
S = was lens cons1d�red successful? 
Y =yes 
N = no 
r 
F8.t ient: OS 
Lens Dgts: 
0.,.., s -#. �� .. e .. e - F _.::.. :t . � .._  ..... ,,,... � t: --
0[; J. 55 1 7. 86 .014 . O J4 
I 
("\" I 55 
\J.;) , • 
7.88 .012 .OJ2 
2 OD • 55 7.77 .006 .022 
' 
OS .55 7.70 -.OlJ .007 
3 C'"' � .55 7.62 -. 0 1 9 .001 
r.� \)0 .55 7.61 -. 026 -.006 
4 c,-. / �I 
��I "· I 
' 
5 c:.; 
I cs/ 
-
,_ 
I . le:-:.-S size ·I-J . Cu1 .6J 7.69 8 .J j 
cs!. 63 7.74 8.J 
Corne.'3.l D.g�t::::i.: ..,... TV ..!... lr"i 
OD 7.89 7.70 
OS 7.88 7.78 
?lt:or. 
'"" c ... h -v 
.18 .J6 
. J5 .20 
r 
-< � . .. . - ' 
- • 50-1. 50xl 75 
"'-l. 00-. 7 5x20 
P�Arr ,, \T .,j . •  :?os . ..  ?n t. t-. _ . S _ '"'�"":lm�·'1t. -� T1 lens hangs under upper lid, shows with-the-rul e  
-1.00 15 C45 
-1.50 15 C45 
I 
-2 .50 15 TJ 
-2.75 1_5 CTJ 
-2.50 15 CTJ 
-J.25 15 CTJ 
I 
-1.50 15 CTJ 
. 
-2.00 15 CT3 
' 
P-
F-
P-
P-
p 
p 
p 
p 
. flat fluorescein pattern . 
) � same as OD 
I 
� 
. -
�! j lens held by upper lid, is near paral lel horizoti-tally but flat vertically, feels comfortable, 
r slight 1-9 stain 
I I 
i 4 same as OD 
I I 
: J: comfortable, slight 3-9 stain 
I 
_ I J lens felt hot for first two days, then was comfort-
' able, slight 2-9 stain 
I 
-
. : � comfortable 1 ·� -; comfortable 
. 
. 
-
-
-
- ----- ... - --- - ·-· .- .. �. ·--
Patient: PB 
Lens Data: 
; 0 ri s If • Eye , e . PAR . st "' st "'-' "' "lfF 
1 OD .55 ?.63 .ooo .051 
OS .55 7-.64 .,009 .040 
2 OD .55 7.44 -.028 .02J 
OS .55 7.47 -.016 .014 
3 OD • 55 7. 37 -.039 .012 
OS .55 7.36 -.OJJ -.002 
4 OD . 55 7.27 -.054 -. 004 
OS . 55 7.28 -.045 -.015 
5 OD 
'· 
OS 
lens size 
'"1-J OD .64 7 • .55 8.2 
. 
OS l • 64 7. 53 ! 8.2 
Corneal Data: rh rv eh ev R. �. 
OD 7.68 7.39 .45 .J4 -6.00-2.00xl80 
OS 7.64 7.42 .42 .46 -6. 00-1. 7 5xl 70 
Fluor. 
Pwr .VA.Pos . .  Patt . . S.�ommehts 
minimal spectacle blur, lens hangs under upper lid 
- 6 . o o  15 C5 P- N after blink, then lags to lower limbus, inferior 
arcuate stains 
-5.75 15 C5 P- N same as OD 
slight apical vaulting with intermediate bearing and 
-7.00 15 C45 p N periph�ral pooling, feels gritty after J to 4 hours, 
lens auite loose 
similar to OD, but more movement and poorer 
-7.00 15 C45 p N centering . 
very similar to lens 2 but somehhat more 
-7.75 1.5 C4.5 .F+ y comfortable 
similar to OD but somewhat more movement and 
-7 .. 7.5 15 C45 p+ N poorer centering 
burning and stinging symptoms with headaches at 
-7.75 15 CJ4 P+ N 4 hours, moderate CCC 
-7.75 15 CJ4 f'+ N same as OD 
-6.37 
,, 
� < 
-6.25 
. . 
;-
' 
·-
-
Patient: BN 
Lens Data: 
I.ens # • Eye • e . PAR . st ,., st � """ "'�' . . 
1 OD • 5.5 7.78 .011 .029 
OS • .55 7.76 .• 009 .044 
' 
2 OD • .55 7.69 -.001 .016 
OS .55 7.64 -.007 .028 
3 'OD 
. 
OS 
. 
4 OG . 
OS 
5 OD 
cs 
lens size 
W-J OD . 54 7.61 8.2 
. . • 
OS . .54 7.61 8.2 I I . 
Corneal Dat a : 
OD 
OS 
rh 
7.76 
7.77 
Fluor. 
rv 
7.68 
7.60 
eh 
.42 
.J8 
e v 
.Jl 
.11 
R. �. 
-2.50 sphere 
-J.00-.75xl6.5 
Pwr .VA.Pos . •  Pett . •  s.somme��� 
lens held unaer upper .LJ.d., .J.ags to .Lower .iimous 
-2 • .50 lj T2 P- N when released, decenters onto sclera 
-J.00 20 C2 .P- N similar to OD, air meniscus around lens edge 
-J.25 15 C4 p y comfortable 
-J.75 15 C.5 P- N lens rides over lower limbus, moderate CCC 
. 
-
. 
lens is held at center by upper lid, lags to ·lower 
- 3. 25 15 CJ4 p y limbus when released, s light J-9 s tain 
-3.7.5 15 CJ4 p ,Y, similar to OD, slightly more J-9 stain 
. 
__ ._.......__ ...• , . .. . . . . 
r 
. - - . - . 
----· - �----- --. 
Patient: SN Corneal Data : rh rv eh ev R.E. 
OD 7.82 7.42 .51 .65 -2.50-l.?5xJ 
OS 7.87 7.46 .18 .JO -2.50-l.50xl72 
.Lens Data: 
Le!1S 
1 
2 
3 
4 
5 
W-J 
Fluor. 
#.Eye e PAR stv, st.� Pwr V.�.Pos. Patt . •  s .. ·':omm$nts 
OS 
OD 
OS 
'� lens centering provided by adhesion to upper lid, drops to lower limbus when released, decenters onto i I I I j - f j I sclerr;,_ air meniscuo imdw l.ens at edge 
� j same .as OD 
excessive movement, with..:the.,..rule flat fluorescein 
� I pattern, significant J-9 stain 
IN I same as OD 
with-the�r�le fluorescein pattern evident, no 
decentration, slight CCC and very slight 3-9 stain, 
no centra� stain 
IY I same as OD 
. ' ' 
II 
1 ! � I I I I I I I I le!ls s1ze 
8.2 
11 
OD i.65 117. 74 �-3.50 1.5 · CTJ P Y with-the-rule fluorescein pattern, lens very 
-�...L�...L�--l.�����--l��--lf---1-�:��I�· ��-+--+-�c�o�rr�1 f�o�r�t�a�b�l0.2..����� �������� ������� 
OS .62 7.70 8.J -4. 25 11..5 ·I C.3 p I YI same as CD 
Pat i e n t : DW 
L e n s  Dat a : 
' ."' n s # , E:v e , e . P /.. R • st .,., s t  
1 OD . 55 7 . 98 0 1- 6 - .  u . O J l 
OS . 65 7 . 9 2 . 0 0 5  . O J2  
2 OD • 55 7 . 8 7 - . 0 2 0  . 0 22  
O S  . 55 7 . 79 - . 0 2 0  . 0 09 
J OD . 65 7. 8 0 - . 0 2 1  . 0 2 1  
OS . 65 7. 74 - . 0 19 . 0 0 8  
4 or: 
03 
5 OD 
OS 
l e n s  s i z e 
W-J OD . 6 5 8 . 0 2 8 . 2  
-
-
os 1 . 65 . 7 . 8 8 8 . J I 
C orne al Dat a : 
OD 
OS 
ri,, . 1  
8 . 07 
7 . 9 7  
F l u or . 
rv 
7. 70 
7. 69 
eh 
. 4 5 
. 49 
e v 
. 5 6 
. 63 
r 
R . E .  
-J . 75- 2 . 0 0xJ l 
-J . 50 - 2 . 0 0xl52 
Pwr . V A � Po s  . .  Pa t t  . .  S . G ornme �t s 
-4. 25 15 CT2 P-
-4 . 00 15 CT2 P-
-4.50 15 TJ P-
-4 . 75 15  C J  P-
-4 . 50 1 5  C 4  p 
-4. 75 1 5  C4 p 
-4 . 62 15 TCJ p 
. 
" -
-4 . 62 1 5  C J  p 
! 
N 
N 
N 
y 
y 
y 
I 
y 
'./' ..L 
with- the-rule flat l ens fluore sce in pa t t ern , lens 
h eld by upper l id 
s ame as OD . A l s o , spec tac l e  blur evident 
w i th-the-rule flat l ens f i t , parallel hor i z ontally • 
l ens i s  comfortable ,  t emporal d i s placement d egrade s 
v i s i on 
s im i lar to OD , bu t bett er centre.t i on pr ov id e s  
bet t er v i s i on 
v ery s l i ght C C C , l ens c omfortable 
comf ortable l ens , cornea normal 
l ens v ery comfortabl e , cornea normal 
-
same a s  OD 
- - . .,-. - -
-
. 
-
Pat i ent : GK 
Le n s  Dat a : 
"' n  s # ,  Eye , e • P A R  . s t  :.-. !=: t  u ""' "T" 
1 OD .65 7.89 . 002 . OOJ 
O S  . 65 7 . 95 . 0 0 5 . 017 
-
2 OD . 55 7 . 8 7 - . 0 08 . ooo 
, 
OS . 6 5 7 . 82 - � 0 11 . ooo 
N O  .1nE : 1 h i s S '  � b j e c t  
3 OD br f or more 
OS 
4 or: 
OS 
5 OD 
OS 
l e n s  s i ze 
'IJ-J OD • _5 .5 7 . 84 8 . J 
' 
• 
' 
- OS • 55 7 . 84 8 . J . I I : \ 
C o r ne a l  Dat a :  
OD 
OS 
rh 
7 . 9 3 
7 . 9 9 
F l u or . 
rv 
7 . 84 
7 . 80 
eh 
.55 
. 5 0  
ev 
. 60 
. 6 7  
R •. E .  
- . 7 .5 - . 2 5x9 2  
-1 . 12 - . 50x5 
Pwr . V A . P o s  . •  Pett . .  s . �omme�t� 
- . 75 15 C45 P- N exc e s s iv e  mov ement , fla t f i t  
-1 . 0 0 15 C45 P- N same a s  OD 
- 1 . 25 1 .5  C4 p N only s l i ght mov ement , o b j ec t iv ely a pot ent i a l l y  
s u c c e s s fu l  l en s  
-1 . 50 15 C4 p N sc:,me as OD 
wa s n bt s e l f-r  1otiva e< and d id not wear any lens f or mor e  than 5 hour s 
vhan J da, Its • :Dubjec i11a s dr opped fr om the s tudy a f t er one m o�-:: th . 
. 
- 1  • .50 15 C.5 p N Obj ec t iv el y  a pot ent ially s u c c e s s fu l  l e�s 
· �  .' 
-2 . 0 0 15 C 5  p s ame a s . OD . < .  
r 
N 0 
' . 
. . 
...  ,.._ ·:-. 
_..; . - - -·- -- -.- -- -
Patient : · PE 
L e n s  Dat a : 
0 # , Eye . e • PAR . s t  � t  ,.., .._- ..., T F 
1 
2 
3 
4 
5 
JJ-J 
. " 
--
I 
OD . 65 
OS . 75 
OD • 55 
OS . 65 
OD 
OS 
OD 
OS 
OD 
os J 
OD I . 6 5  
OS . 65 
'? . 70 . 008 . 00 2  
7 . 62 . 0 14 • 006  
7 . 72 . O OJ - .  OOJ 
7 . 6J . 00 6 '" • 0 0 2  
l e ns s i z e 
7 . 64 8 . 2  
7 . 64 8 . 2  
I 
- ... - ---
C orne al Dat a : 
OD 
OS 
- - ·-
rh rv 
7 . 72 7 . 69 
7 . 6 5 7 . 58 
Flu or . 
- - - -·- ·  
e h ev R . E .  
. 5 1 . 64 - 1 . 75 s pher e 
• .54 . 74 -1 . 7 5 s pher e 
Pwr . VA . P o s  . .  Pa t t  . . S . C 6mment s 
l ens not c omfor t a bl e , spec ta c l e  blur e v id ent , 
-2 . 00 15 T45 p� N changes in c en tral kera t ome t r y  
. 
- 2 . 00 1 5  T45 P- N same a s  OD 
v i s i on good when l en s  c en t e r ed , p o o1' er when i t  
-2 . 00 1 5  CT2 p N dec e n t er s t e mp or a l l y  
- 2 . 00  1 5  CT2 p N sin:il ar t o  OD , s tart s  t o  f e e l  hot  a f t er J t o  4 h ours 
. 
' 
-2 . J? 
. 
- 2 . J7 -
I ' 
- - - - - · · · · · - ·�-·- ;,. 
Pat i e nt :  JR 
L e n s  D-:lta: 
� e n s  ¥ • Ey e • e • P .A R  • s t  . . ,., s t ._,. '"'° -Tor - .• 
1 OD . 55 7 . 94 . OOJ . .  0 1)  
O S  . 55 8 . 00 . 0 0 8  . .  0 0 7  
' 
2 OD . 55 7 . 82 - . 0 13 - . O O J  
OS . 5 5  7 . 82 - . 0 16  - . 0 17  
3 OD 
OS 
4 c:c 
OS . 
5 OD 
-
cs ! 
l e n s  s i z e 
'.,.J-J OD . 65 7 . 80 8.J 
. 
OS . 65 7 . 84 8 . j 
' 
C orne al Dat a : rh rv 
OD 7 . 94 7 . 93 
OS 7 . 99 8 . 00 
Fl u or . 
eh 
5 '"'  • v 
. 44 
ev 
. 3 5 
. 40 
R . E .  
[ [ 
- 2 . 0 0 - . 50xl0 5 
-1 . 7 5 - .  50x9 0 
Fwr . VA . P o s  . .  Pa t t �  . S . �omm e nt s  
-1 . 75 15 
- L 2 5  15 
-4 . 00 1 5 
- J . 50 15 
-
-2 . 75 
- 2 . 62 
L ' 
fTI (' J -'- '-' 
TCJ 
'rC J  
TCJ 
-
. .  - -
. � 
p l.Y" 
. p  y 
P+ N 
P+ �'l 
N 
N 
I 
-
sub j ec t  b other ed by r e s iaual aga in s t the r u l e  
a s t igma t i s m , l en s  adher e s  to upper l id t ear m en i s c u s  
same a s  OD 
t ight - lens s ympt oms a f t er l t o  2 h our s , o t h er w i s e 
s im i lar t o  l ens 1 
same as OD 
. 
, _ _ 
1 ..- - ... . 
, . 
.· 
I 
. 
- -- - � -- - -.. -- -
P at i e nt : K C  
Le n s  Da t a : 
ii w,V;::;; c; P .c  .. R .. .. ' • .i.
1 OD . 5 5 7 . 77 
OS . 5 5  7 . 70 
2 OD . 55 7 . 54 
OS • 5.5 7 . 58 
3 OD 
OS 
" 
4 CJ: 
OS 
5 OD 
OS 
'iJ-J OD . 64 7 . 61 
, 
OS . 63 7 . 58 
J ! 
i.....7 v y.. u v ,.,. 
. 
. 02J . 01.n 
• 0 10 . O J 6 
- . 010 . 0 09 
- . 0 0 7 . 0 19 
l e n s  s i z e  
d . 2 
-
8 . 2  
\ 
- - -
C orne al Dat a : rh 
r 'f"J .l.  
- 2 . 0 0 
-2 . 0 0 
- J . 0 0  
- 2 . 50 
- J . 0 0 
- J . 0 0  
OD 7 . 7 6 
OS 7 . 7J 
Fl u or .  
V .:.., ..:.. v u . J. r.;;..t v v .  s -
1 5  TC45 P - . .1 � 
15 TC45 P- � 
1.5 ,,-, ; I  v '-f'  p iY 
15 C4 p IY 
15 C4 p y 
-
1 5  C 4  p y 
l I 
· -
rv 
7 . 59 
7 . 59 
.,,, ._,, � ..__. ....... :,_ .;. ·.,,,. � 
.. ·-·- · - ···- -
eh 
- . 23 
. J l 
r 
ev R . E .  
. J O -2 . 0 0 - . 50xl80 
. 1 9 -2 . 0 0 - . 50xl 7 6  
l e ns dec ent e r s  ont o s c l era , hang s under upper l ia. 
a f t er bl ink , appea r s  v ery flat . 
same a s  OD 
f u l l  t ime wear 
fu l l  t ime 
� 
. 
-
. 
flare in l ow i llumina t i on ,  v ery s l i ght 3 - 9 s ta i n ,  
v ery s l i gh t  CCC 
. 
s i m i lar · t o OD , s l ig�tly mor e edema 
-
-
L 
A P PEND IX D 
Sarv er and H arr i s  
Cr i t er i a  o f  a Su c c e s s fu l  Pat i ent R e s pons e 
1 )  h ear ing t i me .  r h e  pa t i ent . mu s t  be able t o  vrnar h i s  
l en s e s  r egu lar l y  and c ont i nu ou s l y  f or a m i n i mum per i od. 
of e igh t h our s . 
2 )  C om f or t . The pat i ent may exper i enc e no mor e than s l ight 
l ens awar ene s s , s l igh t ph ot oph obia in sunl ight , and/or 
occa s i onal f or e i gn body s ensa t i on .  
3 )  V i s i on .  Th e pa t i ent mu s t  report no s i gn i f i c ant blur , 
f lare , or edge r e f l ec t i ons , and h i s v i sual a c u i t y  mu st 
b e  w i t h in one Sne l l en l i ne o f  the v i sual acu i ty a ch i ev ed 
w i th h i s be s t  s pe c tacle l en s c orr ec t i on .  H e  mu s t  r e port 
no signi f ic ant · s pe c ta c l e  b lur f ol l ow ing l ens r emova l . 
4 )  Ocu lar t i s s u e  c hang e s . The c ornea ( and other ocu lar 
t i s su e s ) mu s t  be f r e e  of any s igni fi c ant d i s turbanc e s . 
Onl y s l ight per i phera l  c orneal s t a i n i ng , fa int c entral 
c orneal c l oud ing immed i a t e l y  upon r emov ing the l ens es , 
and c orneal curvature chang e s not t o  exc e ed +0 . 75 D . K .  
ar e acc e ptabl e .  
5 ) N orma l appe�ranc e of t h e  pat i ent . There mu s t  b e  no 
squ int ing or s i gni f i c ant a l t erat i on in e i t her head 
po stur e , bl ink ing pa t t ern , or eye i n j e c t i on .  
L 
APPENDIX E 
THE WESLEY-JESSEN LENS 
111h e  l e n s  pr ov ided by \:J e s l e y-J e s  s en wa s a r e c en t l y  
dev e l oped s i ng l e  v i s i on a s ph er ic t y pe and w a s  r e f err ed t o  
a s  t h e  11A s ph e r e  I I "  and a s  the "X-100 S ing l e  V i s i on " , the 
lat t e r  be ing pr e f er r ed by W e s l ey - J e s s_en t oward t h e  end of 
the s t'l u1y . Exc ept f or r e frac t i v e  power , the l en s  parame t e r s  
w e � e  c ontr olled exc l u s iv e l y  by W e s l e y-J e s s e n  ba s ed o n  t h e ir 
ana l y s i s o f  the PEK ph o t ograph that wa s s ent t o  them . r h e  
pos t er i or a pi c a I  rad iu s , ov eral l  d i am e t er , and center 
t h i ckne s s  were the onl y parame t e r s  tha t c ould be v e r i f i ed .  
In 1 0  ou t o f  t h e  1 2  e y e s  ( BJ% ) on wh i c h  the l en s e s  
w er e  worn f or a suf f i c i en t  l eng t h  of t i m e  t o  b e  adequat e l y  
eva lu� t ed , t h e  sub j ec t s  r e s p on s e  was j udged t o  be s uc c e s s fu l . 
The l en s e s were genera l l y  qu i t e  c om f ortab l e  and wer e pr e ­
f err ed ov er t h e  l ens e s  u s ed in t h e  s tudy by m o s t  o f  t h e  
sub j e c t s .  
Th e s e  l e n s e s  w e r e  s ma l l er ( 8 . Jmm . )  and u sual l y  t h i nner 
. . 
t han the s tudy lens e s . Th e s e  fac t or s  c ombined would r e s u l t  
i n  a much t h i nnei"' l ens edge wh i c h  c er ta inl y wa s r elated 
. t o  the h i gh l e v e l  o f  com f or t . 
r 
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Bl lD G E T  
T y p i n g o f  R ou g h  a n d  F i n a l  D r a f t  
T y p i n g S u p p l i e s 
P E  K r- i I Pl 
S 1 i d e  !'.' i l m  
S l i d e D e ve l op i n g 
P ho tog r aph i c  S u p p l i e s 
L o n g  D i s t a nce Te l e�hone 
P u n ch and G i nd Ma t e r i a l s  
P ho tocopy i n g 
P os ta g e  
B u d g e t  Amou n t  
J\riou n t  S pe n t  
B a l a n ce 
s 20 . on 
2 .  ()() 
1 3 . 98 
? . 9c ; 
Q . so 1 . 9 5 
• '.) 2  
2 . 70 
1 7 . � () 
1 .  50 
-') 7 3 , lf0 
$ 80 . ()(} 
73 . 11() ----
$ (,. 60 
